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l. EXPERIMENTAL RESEARCH PROGRAM
LA. EXPERIMENTSWITH DATA

LAl Medium Energy Physics Program

In the period January - June, 1999 accomplishments for the ANL-HEP division
medium energy physics project consisted of the completion of two papers on past Saclay
experiments, the beginning of analysis of recent data from the Crystal Ball measurements at the
Brookhaven AGS, and preparations for a RHIC polarimeter.

Two papers on Saclay pp elastic scattering data were completed by an ANL
physicist, submitted and accepted in Physical Review,. Results for the spin observable P =
Aoono = Agoon = Ay a over 30 beam kinetic energies between 800 and 2800 MeV and c.m.
angles from about 70° - 110° are described. A total of 919 new data points are presented in these
articles. The energy dependence at fixed c.m. angles appears smooth, with no evidence for rapid
energy-dependent structure. Work has also begun on two additional papers at Argonne and on
others at Saclay.

Measurements of reactions with -, K*, and p beams on a liquid hydrogen target
to al neutral final states were made with the Crystal Ball detector at the Brookhaven AGS in late
1998. Analysis has begun at Argonne and Valparaiso University on some of the kaon and
antiproton beam data. The pp — neutrals reactions are being studied event-by-event using a
special display program and calculations of invariant masses of sets of detected energy clusters.
In addition, the K'p — Z°n® — (ynrt®)n® reaction has been identified in the data, and improved
cuts are being studied. Finally, many additional counters and materials are being added to the
Monte Carlo simulation program for the experiment. These additions will permit a more
accurate evaluation of corrections to the integrated pion or kaon beam striking the target.

A paper related to some of the Crystal Ball studies was also published in this
period. The experiment was run at Los Alamos, and the article is titled “ Analyzing Power for
them p — n°n Reaction Across the A(1232) Resonance,” Phys. Rev. C60, 024604 (1999).

With the completion of polarization experiment E-925 at the AGS, the
preliminary data have demonstrated that inclusive charged pion production can be used for a
high-energy polarimeter. There are plans for some of the E-925 counters and cables to be used
for such a polarimeter at RHIC, and some preparatory work was begun during this period. In
addition, a part of the E-925 equipment was removed from the experiment and packed for
shipment to Argonne.

(H. Spinka)



[.A.2 Collider Detector at Fermilab

a. Physics Results

In B physics, the multiple tag CP analysis of B°/B° — WKg, with Barry

Wicklund providing oversight as B physics convener and Larry Nodulman appointed as chief

internal reviewer, became public for the later winter conferences. The result, sin(2 ) =0.7905; ,

illustrated by the asymmetry plotted in Figure 1, represents a substantial improvement over our
earlier same side tag measurement. It tends to support the expected large positive CP violating
asymmetry as shown in unitarity triangle plot of Figure 2. A draft article for publication has
been made ready to present to the collaboration. Karen Byrum continues efficiency studies for a
Cross section measurement, which are used by the Toronto group in b jet fragmentation results.

An example of one of the many tasks Barry has taken on as B physics convener is
working with the Texas Tech group to show that a purported exclusive B signa was not robust.
Larry Nodulman was involved in oversight of settling 94-95 data luminosity issues, which as
resolved left some unresolved issues in y reconstruction efficiency as a function of instantaneous
luminosity. Barry convinced the proponents to avoid these relatively small effects by extrapo-
lating to zero luminosity. The y and Y cross sections and angular distributions are quite inter-
esting QCD topics, without requiring cross section precision at the level of the = 4% luminosity
uncertainty.

In electroweak physics, a comprehensive W mass analysis was put together and
made public for the winter conferences. The energy scale discrepancy between E/p calibration
and the Z mass has not been resolved, and since some mysteries remain in tracking, despite
considerable improvements, we decided to use the Z mass to set the scale for both electron and
muon measurements. These scales, as well as resolutions, are illustrated in Figure 3. The
electron fit isillustrated in Figure 4. The combined electron and muon result for the 94-95 data
is 80.470 +0.089, which combined with earlier CDF measurements gives 80.433 + 0.079
GeV/c2. Of individual experiments, only DO and ALEPH are comparable so far, but the LEP
results continue to improve. The current world average is 80.394 + 0.042 GeV/c?; the direct W
and top mass measurements are not yet as constraining as the Z pole measurements at LEP and
SLC, asillustrated in Figure 5. An article on the W mass measurements is being prepared.
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(Data—Theory)/Theory

In QCD studies, Steve Kuhlmann is working with the Brandeis group on inclusive
direct photon production in the 94-95 data. The result has been approved and is shown in Figure
6. While this result is being prepared for publication, attention has turned to the +/s = 630 GeV
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b.

Run 11 Planning

A series of Run 11 physics workshops continues at Fermilab. Steve Kuhlmann has
taken aleading role in QCD issues and optimizing two b jet mass resolution for Higgs searches.
Larry Nodulman has been involved in electroweak sessions. A new workshop on Tevatron
Collider b physicsis being organized for CDF, D0 and BTeV, and Barry Wicklund is one of the
principal organizers. Barry also continues to take an important role within CDF in defining
planned triggers and datasets for b physics.

(L. Nodulman)



[.A.3 Non-Accelerator Physicsat Soudan
a. Physics Results

The Soudan~2 detector continues to operate and analysis of contained events and
muons continues to shed new light on the atmospheric neutrino anomaly and the search for
nucleon decay. In addition, a long term study of atmospheric muons is how possible through
amost a complete solar cycle. The cosmic ray shadows of the moon and sun test both the
angular resolution and pointing of a cosmic ray detector. The angular diameter of both bodies as
observed at the earth is 0.5°.

Observation of a shadow places limits on detector angular resolution and pointing
accuracy, as well as on phenomena affecting cosmic ray propagation and interaction. These
latter effectsinclude deflections due to the geomagnetic field and, in the case of the sun, the solar
and interplanetary magnetic fields, and smearing due to multiple Coulomb scattering and
production mechanisms for air showers and muons.

Muon tracks in Soudan are reconstructed using two different software algorithms.
If both algorithms provide satisfactory reconstructions, the directionality from the algorithm that
provides the best angular resolution is used. The total reconstructed event data sample passing
cuts consisted of 3.4 x 10’ muon events.

The time of each event is recorded using a time base synchronized to the WWVB
time standard. The event time and the known detector coordinates specify the apparent direction
of the moon, including the correction for parallax. The angle 6 between each muon track and the
directions of the moon at the time of the event is then calculated. Figure 1 shows a plot of the
angular density of muons, (JJn)(dNu/dez) vs. 6, the angular distance between the muon direction
and the cal culated position of the center of the moon. In the absence of a moon shadow, this plot
should be flat, because the varying direction of the moon averages over any anisotropies in
detector acceptance or rock overburden. The plot, however, clearly shows a deficit of events at
small angles, which we attribute to alunar cosmic ray shadow.
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Figurel. The angular distance between muons and the center of the moon.

To test the aignment and angular resolution of the Soudan 2 detector, we have
constructed a two-dimensional contour map of the muon flux from the direction of the moon.
This map, shown in Figure 2, was made using the normalized statistic Z; ; = (di’j - b ), /varibi’j )

where d;; are the bin contents in the smoothed observed event histogram and b;; are the bin
contents in the smoothed expected event histogram. Figure 2 suggests neither evidence for any
misalignment of the Soudan 2 detector nor any indication of a shadow offset due to the
geomagnetic field at the level of 0.1°. A comparison of the data collected during 1989 to 1994
and during 1995 through 1998 confirms that the detector alignment has remained stable over the
entire data collection decade.
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The data from the sun is shown in Figure 3. The deficit is both shallower and
wider than the moon shadow observed during the same interval, as is expected because of the
effect of the interplanetary magnetic field. The 10-year collection interval spans much of an 11-
year solar cycle during which solar magnetic field and sunspot activity peaked in 1989-1991 and
was at a minimum level in 1996. If the datais divided in half, the shadow is clearly seen in the
data from 1995 to 1998, a period of low field and sunspot activity. But thereis no evidence for a
distinct shadow in the 1989 to 1994 data. The average daily satellite-measured IPMF (sunspot
number) was 4.8 nT(28) for the former interval and 6.7nT(104) for the | atter one.
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b. Experimental Apparatus, Operation and Maintenance

Argonne physicists continued to make substantia contributions to the
maintenance and operation of the detector. Major activities included ongoing improvements of
detector and electronics performance. Argonne physicists also continued the development of
software to make use of dE/dx information from the detector.

C. Planning Activities

The Soudan group plans to run the detector for nucleon decay, atmospheric
neutrino and other cosmic ray studies until an exposure of 5.0 kt-year fiducia volume is
achieved. After that, the Soudan detector will become an integral part of the MINOS long-
baseline neutrino oscillation experiment. The progress on that project is described elsewhere in

this report.
(M.C. Goodman)

l.A.4 ZEUS Detector at HERA
a. Physics Results

Six papers were published in this period and five more manuscripts were
submitted for publication.

i) ZEUS Results on the Measurement and Phenomenology of F,at Low x and Q?

The rapid rise of the proton structure function F, at low x continues to generate a
lot of interest. In particular, the persistence of the strong rise to small values of Q?and the
apparent success of the perturbative QCD description of data down to Q2 values approaching 1
GeV? raise new challenges for our understanding of QCD. This paper is dedicated to the study
of the ‘transition region’ as Q% —0 in which pQCD must bresk down. Figure 1 shows a
compilation of measurements of F, in the region of Q2 between 0.11 and 6.0 GeV?, as obtained

from measurements with the beam pipe calorimeter and with shifted vertex data, among others.
Overlaid are results of a pQCD fit and of a fit based on a non-perturbative Regge model. The

|atter is able to describe the x dependence from the lowest Q2 values to about Q2 = 0.65 GeV2.
The fit based on the DGLAP evolution equations results in a satisfactory description of data
down to Q% = 0.9 GeV2. This comes as a surprise: previous to the on-come of HERA, pQCD

was expected to breakdown already for Q2 values below ~ few GeV2.

11



Figure 2 shows the slope of F, /InQ? versus x or Q2. Coming from large x, the
slopes increase when going to smaller x, remain constant for x values between approximately 10
*and 103, and then decrease again for yet smaller values of x. This behavior seemsto indicate a
transition at Q2 between 1 and 10 GeV2. The transition is not described by the GRV 94 structure
function and might indicate the break down of pQCD. However, a fit based on the DGLAP
evolution equationsto the ZEUS F, data sets (including the present data) and fixed target datais
able to reproduce the change in behavior. The transition has also been interpreted
as evidence for parton recombination, but, as mentioned above, this effect is not needed to
explain the features of the currently available data

i) Forward Jet Production in Deep Inelastic Scattering at HERA

The inclusive forward jet cross section in deep inelastic scattering has been
measured in the region of x between 4.5x107* and 4.5x1072. This measurement is motivated
by the search for effects of BFKL-like parton shower evolution. In Figure. 3 the cross section at
the hadron level as a function of x is compared to cross sections predicted by various Monte
Carlo Models. An excess of forward jet production at small x is observed, which is not
reproduced by models based on DGLAP parton shower evolution, such as LEPTO MEPS and
HERWIG.

12
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iii) Measurement of Jet Shapesin High Q° Deep Inelastic Scattering at HERA

Theinternal structure of ajet is expected to depend mainly on the type of primary
parton, quark or gluon, from which it originated and to a lesser extent on the particular hard
scattering process. For cone jet agorithms, a useful representation of the jet’s internal structure
is given by the jet shape. The shapes of jets with transverse energies up to 45 GeV produced in
deep inelastic scattering at Q? > 100 GeV? have been measured. The jets are observed to become

narrower as EJ'T‘at increases. The jet shapes in neutral- and charged-current interactions are found
to be the same. The jet shapes in deep inelastic scattering (DIS) are observed to be similar to
those in e"e”interactions and narrower than those in ppcollisions for comparable El® see
Figure 4. Since the jets in efe™ interactions and DIS are predominantly quark initiated, the

similarity in the jet shapes indicates that the pattern of QCD radiation within a quark jet isto a
large extent independent of the hard scattering process of the reactions.
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Figure4. Measured integrated jet shapes corrected to the hadron level in neutral and

charged current deep inelastic scattering with Q? > 100 GeV2. The measurements of jet shapes
in ppcollisions by CDF and DO and in €' interactions by OPAL are shown for comparison.
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iv) Measurement of the Diffractive Cross-Section in Deep Inelastic Scattering
using ZEUS 1994 Data

The DIS diffractive cross section has been measured in the mass range
My <15GeV for y*p cm energies 60 < W < 200 GeV and photon virtualities Q? = 7 to 140

GeV?. Here My denotes the mass of the diffractive system. For fixed Q? and My, the

diffractive cross section rises rapidly with W, daglfgﬁxN(Mx,W,Qz)/deocwawith

a=0507+00347072,  corresponding  to a t-averaged pomeron  tragjectory  of

a@p =1.127+0.009*50% which is larger than - &, observed in hadron-hadron scattering. The W

dependence of the diffractive cross section is found to be the same as that of the total cross
section for scattering of virtual photons on protons, see Figure 5. The data are consistent with the

assumption that the diffractive structure function F'ZD (3) tactorizes according to
xpFP® (x5, 8,Q%) = (xo/%p)"F2 @ (5,Q?). Here x, denotes the fraction of the proton’s

momentum carried by the Pomeron, 3 denotes the fraction of the Pomeron’s momentum
partaking in the hard scattering process, and n describes a constant to be determined from the
data. They are also consistent with QCD based models which incorporate factorization breaking.

The rise of xPFE@) with decreasing x, and the weak dependence of Fg ) on Q% suggest a

substantial contribution from partonic interactions.
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Figureb. The ratio of the diffractive cross section, integrated over the Mx interval

indicated, to the total cross section for virtual photon proton scattering, as a function of W for the
Q? valuesindicated.
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V) Exclusive Electroproduction of poand J/wMesons at HERA

Exclusive production of poand Jy mesons has been studied in the kinematic

range 0.25 < Q% < 50 GeV2, 20 < W < 167 GeV for the p9 dataand 2 < Q? < 40 GeV2, 50 < W <

150 GeV for the Jy data. The W dependence of the production cross section is particularly
interesting since phenomenological models based on Pomeron exchange and cal culations based
on pQCD predict different behaviors. The W dependence of the y*p— p®p cross section
exhibits a slow rise with W at low values of Q? see Figure 6. Parametrising the cross section as
o« W yields the fit result § = 0.12 + 0.03 + 0.08 for Q? = 0.47 GeV2 This valueis consistent
with that measured in photoproduction and with predictions based on soft Pomeron exchange.
The slope becomes steeper with increasing Q% For 3.5 < Q? < 13 GeV?, the average value of § is
0.42 £ 0.12. This is less steep than the value of & = 0.92 + 0.14 + 0.10 measured in Jy
photoproduction. The cross section for Jy electroproduction has a W dependence consistent
with the steep dependence found in photoproduction and consistent with expectations based on

pQCD.
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Figure®. Comparison of cross sections for exclusive p° production, as a function of W for

various values of Q% The dashed line is the prediction by Donnachie and Landshoff. The solid
lines represent the fitted parameterization assuming o « W? .
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Measurement of Inclusive D** and Associated Dijet Cross-sections in Photo-
production at HERA

Inclusive photoproduction of D* mesons has been measured for photon-proton
center-of-mass energies in the range 130 < W < 280 GeV and photon virtuaity Q* < 1 GeV?2.
Total and differential cross sections as functions of the D* transverse momentum and
pseudorapidity are presented in restricted kinematical regions. The data are compared with next-
to-leading order pQCD calculations using the “massive charm” and “massless charm” schemes.
The measured cross sections are generally above the NLO calculations, in particular in the
forward (proton) direction. As a result of studies of dijet production associated with charm,
evidence for a significant resolved as well as direct photon component contributing to the cross
section was found. Figure 7 shows the differential cross section versusx,, , the fraction of the
photon partaking in the production of the dijet system. Leading order Monte Carlo calculations
indicate that the resolved contribution arises from a significant charm component in the photon.
Comparison with a massive charm NLO parton level calculation shows an excess in the data in
the kinematical region where the resolved photon contribution is dominant.
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Figure7.  The differential cross section versus x yfor dijets with an associated D* meson.

In (a) the experimental data are compared to the expectations of the HERWIG Monte Carlo
simulation. In (b) the data are compared with a parton level NLO massive charm calculation.
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b. HERA and ZEUS Operations

In the early part of calendar year 1999 HERA continued the electron run
commenced in 1998. A total luminosity of 17.1 pb* was delivered in the first four months.
Thereafter the machine switched back to positron running motivated by arguments related to
different marginal deviations from Standard Model expectations observed in previous positron
data. No significant amount of luminosity with positrons was delivered in the remainder of the
first half of the year.

The ZEUS detector performed well in this period. The recently added
components, such as the forward plug calorimeter and the barrel presampler, were fully
operational .

(J. Repond)

l.B. EXPERIMENTSIN PLANNING OR CONSTRUCTION

.B.1 MINOS-Main Injector Neutrino Oscillation Search

The MINOS experiment is designed to search for neutrino oscillations with a
sensitivity significantly greater than has been achieved to date. The phenomenon of neutrino
oscillations alows the three flavors of neutrinos to mix as they propagate through space or
matter. The MINOS experiment is optimized to explore the region of neutrino oscillation

parameter space (values of the Am? and sin2(29) parameters) suggested by previous

investigations of atmospheric neutrinos. the Kamiokande, IMB, Super-Kamiokande and Soudan
2 experiments. The study of oscillations in this region with a neutrino beam from the Main
Injector requires measurements of the beam after avery long flight path. Thisin turn requires an
intense neutrino beam (produced by the new Fermilab Main Injector accelerator) and massive
detectors. The rates and characteristics of neutrino interactions are compared in a “near”
detector, close to the source of neutrinos at Fermilab, and a “far” detector, 730 km away in the
underground laboratory at Soudan, Minnesota. The neutrino beam and MINOS detectors are
being designed and constructed as part of the NuMI (Neutrinos at the Main Injector) Project at
Fermilab.

The MINOS detectors are iron-scintillator sandwich calorimeters, with toroidal
magnetic fields in their thin steel planes. The combination of aternating active detector planes
and magnetized steel absorber planes has been used in a number of previous neutrino
experiments. The MINOS innovation is to use scintillator with sufficiently fine transverse
granularity (4-cm wide strips), so that it provides both calorimetry (energy deposition) and
tracking (topology) information. The 5,400 metric ton MINOS far detector is also much more
massive than previous experiments. Recent advances in extruded scintillator technology and in
pixilated photomultipliers have made such a detector feasible and affordable for the first time.

19



Through June of 1999, results from Super-Kamiokande, Soudan 2 and MACRO
experiments provide increasing evidence that neutrino oscillations are taking place in just the
regions of parameter space that MINOS was designed to explore. This has provided mounting
impetus to go forward with MINOS as expeditiously as possible. Earlier indications from
Super-K amiokande data had raised the possibility that Am? is below 102eV ?, but the latest data
puts the best fit back up to 3.5 x 10°eV?. Efforts at designing a lower energy beam to cope
with lower values of Am? have proved useful for some physics tests at this value of Am?, so the
beam spectrum when the experiment starts is a matter of continuing study.

Since the MINOS collaboration completed a Department of Energy Baseline
Review of the NuMI Project during the last quarter of 1998, attention within the collaboration
has turned to division of the responsibilities for the construction of the detector. Besides a host
of administrative functions, Argonne physicists have been primarily involved in three aspects of
preparation for MINOS: scintillator factory development, front end electronics, and the use of
the Soudan 2 detector, aso known as THESEUS.

Since an Argonne MINOS group member serves as WBS Level 2 manager for
electronics, Argonne HEP took primary responsibility for the front end electronics. We
produced a conceptual design and undertook costing and schedule evaluations for a new design
using discrete components to replace the baseline concept in the TDR, due to new performance
specifications. In addition, the alternative of using the IDE chip was evaluated for possible cost
savings. A MINOS committee was set up to study the physics implications of the two designs.
Previous work on the design of front end electronics had been done by UK members of the
collaboration. The ANL group carried on this process with engineering help from Fermilab. A
prototype front end electronics board was developed and tested. Important parameters were the
noise and shaping time. This work is geared towards a decision on front end electronics in the
2" half of 1999.

The second magjor focus of work by the Argonne MINOS group was the
engineering design and prototyping of critical parts of the scintillator detector system. Argonne
physicists and engineers serve as NuM| Project Level 3 WBS Managers for the scintillator strip
fabrication and for the design and construction of the machines needed to construct scintillator
modules. Argonne finished work on a prototype production facility for scintillator "modules®
in Building 366. That facility will be used in July of 1999 to produce scintillator modules for
the 4-plane prototype at Fermilab.

An Argonne MINOS group member also serves as WBS Level 2 manager for far
detector installation. Far detector installation work during this period involved close interaction
with the architect engineering firm, CNA Consulting Engineers, which advertised and accepted a
bid for the new MINOS cavern, including its infrastructure and the detector support structure.
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The Argonne installation group also continued to work on the design of installation procedures
for the detector at Soudan, in close collaboration with the Soudan 2 mine crew and with CNA.

Finaly, Argonne physicists have been heavily involved with preparations for
MINOS excavation work at Soudan, particularly as it impacts continued operations of the
Soudan 2 detector. Datafrom a series of test blasts in 1998 were used to provide specifications
on vibration monitors for the MINOS construction bid. These specifications did not increase the
cost or affect the schedule of the MINOS cavern excavation.

(M.C. Goodman)

1.B.2 ATLAS Detector Research & Development
a Overview of ANL ATLASTileCalorimeter Activities

Despite some early setbacks, the TileCal subsystem again met many key project
objectives in the first half of 1999: all 41,000 master plates for the extended barrel calorimeters
were delivered to the submodule construction sites; we took delivery of al spacer plates from
IFAE, Spain; we completed al essential submodule construction tooling and commenced
production of submodules at the beginning of February and a total of 34 submodules were
stacked and glued in this period; the procurement for the strongback girder was placed and we
expect delivery of the first two in August; the plans for shipping modules to MSU and to CERN
have been fully developed and detailed design of the transporter and shipping beams is
underway; work on preparing the instrumentation area is in progress and the scheme by which
modules are moved into the area finalized; finally, in collaboration with a student, R. Stanek has
completed some essential R&D tests to confirm the feasibility of using an LED system rather
than a radio-active source to perform quality control checks during module instrumentation.

(J. Proudfoot)

l.C. DETECTOR DEVELOPMENT
.C.1 The CDF Upgrade Project

Shower max calorimeter readout continues a mgor project for us, Karen Byrum
has become project manager along with Gary Drake being Chief Engineer. Gary did the testing
which showed that at least one of the production chips for the shower max current splitter and
ADC ASIC “SMQIE” actually works. A new version of his boards “SQUID”, which mount
these production chips, is being prepared. John Dawson has brought the VME readout boards
“SMXR”, which interface to the “SMC” cards that house the SQUID cards, ready for production.
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A difficulty, which resulted from timing problems due to implementing revisions, has been fixed
in the FPGA programming. Steve Kuhlmann, Jmmy Proudfoot, and Jm Schlereth, working
with John and Gary, put together a system test and developed software for readout and calibra-
tion of the whole system, as well as for production testing of SMXRs. Some of this effort has
been replicated as part of the “Wedge Test” at BO.

Karen continues working with Gary to develop the amplifiers needed for the wire
chamber shower max readout; a scheme which is acceptable for wires and within a factor of two
in gain or noise for strips has been demonstrated and a different idea is being developed. The
test checks the strip-to-wire pulse height ratio using 9°Fe on a shower max strip chamber as seen
inFigure 1.

Karen and John have been working with the Michigan group to prototype the
shower max Level 2 trigger bit input; this has been demonstrated using Level 2 emulation. John
is also working with the Yale group on the Level 1 interface to Level 2. Steve, John, and Bob
Blair have prototypes of isolation trigger electronics, which could well end up usable. Larry
Nodulman, along with Jim Van Howe a summer student, have been rerouting and shielding wire
chamber signal cables, and redoing grounding on the detector. Several crack chambers that had
high voltage problems were replaced. One further crack chamber installation awaits suitable
placement of the calorimeter arches.
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Figure 1. Wire and strip pulse height in picocoulombs, and the correlation and ratio which

shows *°Fe x-ray conversions above and below the wire.

Bob Wagner and Randy Thurman-Keup have been developing offline software
for calorimeter reconstruction with emphasis on the electron code. Steve and Barry Wicklund
are becoming involved in code for the wire chamber data reconstruction.

Bob Wagner demonstrated that the diode protection system in the centra EM
phototube bases causes a noticeable nonlinearity in the high energy range, which may become
important with the larger Run Il data samples. A plan for fixing the bases and checking the tubes
has begun with Bob supervising summer help at Fermilab.

Randy has continued work with the central drift chamber group “COT” a

Fermilab in using tooling we developed for inserting the wire planes and field sheets into the can
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of the chamber. The stringing was complete when it was discovered that the wire plane end card
alignment features called “nibs’, which provide alignment with a groove in the end plate dots,
were not robust. Many of the ends need to be reseated, and some nibs need to be replaced.
These repairs have begun. We are working on adesign for afolded up insertion engine, suitable
for use after the COT has been mounted in the solenoid.

Randy has aso taken charge of high voltage control for wire chambers other than
COT, which includes muon chambers as well as preshower, shower max, and crack chambersin
our calorimeter.

Good progress continues on the muon upgrade, under the oversight of Tom

LeCompte. New front end electronics and chambers are completed and installed. The new

intermediate system chambers are complete and being installed. Some of the old muon

scintillators, which will now be needed for bunch identification, have deteriorating plastic.
These have been repaired by adding wave shifting fibers.

(L. Nodulman)

.C.2 ZEUS Detector Upgrade
a. Straw Tube Tracker Readout Electronics

ZEUS plans to install a new forward tracking detector during the 2000/2001
machine shutdown. The new tracker is based on the straw tube technology and will consist of 48
sectors containing atotal of 12,000 tubes. It is expected to greatly improve the detector’s ability
to measure high Q? neutral current events, to determine charged current event vertices, to tag
heavy flavor decays in the forward direction, and to track charged particles in general. The
detector is being built by a group of nineinstitutions that are all part of the ZEUS collaboration.

The Argonne group took over the responsibility of designing and building the
front-end electronics consisting of shapers, discriminators, a multiplexing and a cable driver
circuit. The multiplexing is necessary to match the 12,000 channels of the new detector to the
2,000-channel readout system of the current forward detector.

As a first step Argonne built a prototype board containing the two-threshold
ASDBLR chip developed by University of Pennsylvania to shape and discriminate the signals,

and acircuit to drive the standard 42 m signal cable employed by the experiment.

Based on experience gained with the first prototype, a second prototype is being
developed using the ASDQ chip, which contains a one-threshold discriminator. The second
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prototype will contain all elements of the readout system, including the multiplexing circuitry,
and should be very similar to the final production electronics.
(J. Repond)

.C.3 ATLAS Calorimeter Design and Construction
a. Calorimeter Construction

)] US Master Plate Stamping

All master plates were delivered to submodule construction sites in Europe and
the United States. Following the corrective action with regard to banding and blocking of the
palets, no further problems were encountered during shipping. The full data set of quality
control data obtained by computer measurements of a subset of the stamped plates was analyzed
to characterize the as-built plates against the design specification. An Argonne technical report
(ANL-HEP-TR-99-04) was written. The plates are exceptionally reproducible. The width of the
outer radius key as a function of stamped plate (production period) is shown in Fig. 1. The
distribution has a mean of 181.031mm with an rms of 0.018mm to be compared with the allowed
design specification of 181.0-181.1mm. The data for the earlier production of plates for the
barrel modules are essentially identical with a corresponding mean of 81.038mm and rms of
0.018mm.

i) Submodule Small Components

Several of the components required for submodule construction are the
responsibility of our European collaborators. These include:
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Figure 1. Inner and outer key width for each of the 87 plates measured on a computer

measuring machine as part of stamping production quality control.

o Spacer plates from Spain: full delivery of these has been made.
o Structura adhesive from CERN: theinitia delivery has been made.

o Small keys via CERN: theinitial delivery has been made.
o Spring pins from CERN: the full delivery has been made.

o Protective paint via CERN: an initial delivery was made, however,
the paint was defective and replacement paint is being shipped in July.

In the U.S., we are responsible for fabrication of the weld straps used in the
assembly of modules constructed here. This is a joint UTA/ANL task in which ANL has
responsibility for the bar stock procurement through CERN and UTA the responsibility for

cutting and machining the bars.

The first bars were made on schedule. However, during submodule construction,
it was noted that the hole positions, bar lengths, and widths were not consistently meeting the
design specification. We engaged in extensive discussions with technical staff at UTA to
understand the cause of these deficiencies, which were determined to be resulting from problems
in both the machine and the fixturing, and tooling being used. Both equipment problems were
corrected and we initiated a more exacting quality control at the UC machine shop that has

eliminated all problems except those of human error.
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i) Submodule Production

Submodule construction commenced somewhat behind schedule in early
February. It was immediately apparent from the first production submodule constructed at
Argonne, as well as those constructed at other locations, that the design stack height could not be
met. Following some detailed measurements and a thorough review of the impact of design
changes on other elements, the design height of the stack was reduced to 291.7mm and
submodule production restarted at the beginning of March. The change is attributed to a small
decrease in the raw plate average thickness plus a contribution from the plates being flatter than
those used for the prototype program. Thirty-four submodules have been stacked and glued and
we have achieved our planned production rate of 3 submodules per working week using a crew
of 2 technicians and one lead technician.

Many other more minor startup problems were encountered:

o Attention to the orientation of master and spacer plates (solved by more explicit
definition of plate orientation during stacking vis-a-vis the stamping direction).

o Maintenance of the glue line (solved by use of paper shims).

o Distortion at the inner radius (partially solved by use of thin steel shims).

J Location of the weld bars on the submodule.

o The smoothness of operation of the glue machine (including motors, backlash,

and humidity effects on the glue viscosity and blockage of the dispenser). Since
this also affected the length of time required to stack a submodule, some re-
working of the glue motors and controlsis planned to be carried out in the fall.

o The effectiveness with which the Timesaver machine cleaned plate edges (largely
solved by addition of customized spray heads).
o The operation of the Timesaver machine to process small plates (largely solved by

adding some custom rollers at the exit stage of the machine).

In addition, there were two major problems. The first was with the failure of the
initial weld bars fabricated by UTA to meet specification. This has been discussed above and the
issue is now largely resolved. The second major problem was with the application of a
protective paint. This paint is supplied from the Czech Republic and the first batch was
determined to have been damaged (by freezing) during shipment and gave a very poor coverage.
The painting procedures themselves were also suspect and subjected to intensive review by our
European collaborators in this period. An attempt by us to use paint from a US supplier was not
particularly successful. The procedures themselves are now fairly well established and we
expect to take delivery of a new batch of paint in August. At the present time this is the only
major outstanding production problem.
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V) Submodule Quality Control

The QC procedure document was completed and accepted by the Tile
Collaboration as a basis for a subsystem-wide approach for verification of submodule
construction.  The procedure includes a detailed set of height measurements as well as a
systematic check on the height of the scintillator slots, the welding, and on painting. The data
are regularly updated on a web-based database and J. Proudfoot is presently designated as the
overall monitor of production activities. One of the more important dimensions being monitored
is the submodule height as measured at 20 different locations. A typical distribution of heights
averaged over 34 submodules is shown in Fig. 2. Points 7 and 14 are at the inner radius where
we associate the increased shrinkage with distortion during welding. Severa attempts were
made to reduce this distortion since it is expected to have an adverse effect on the
instrumentation procedures, but at the present time no significant improvements have been
achieved. Thisdistortion, in addition to better control of the scintillator slots at the inner radius,
are issues which will continue to be studied in the second half of 1999.
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Figure 2. Submodule height quality control data.

In addition to the TileCal weld procedures, the technical staff at Argonne have
fabricated several simple tools to facilitate clean out of glue from the scintillator slots. Many
procedures were written and include procedures for use and maintenance of the Timesaver
machine, glue machine, and stacking fixture. The lead technician aso wrote and uses severa
checklists to ensure the correct sequence and execution of construction activities. Finaly,
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though not technically a QC area, the group also gave written and oral presentations to the ANL-
HEP Division Safety Review Committee as part of the Division procedure for commencing
construction activities.

V) Module Construction

We have commenced building layout and assembly of the tooling to construct
modules. The assembly base is aligned and installed, our optical transit calibrated, and a
precision beam is being modified to allow for easier use in module envelope control. Most of the
module components have been ordered and, in particular, the order for the strongback girders has
been placed with the Spanish vendor who is providing the girders for the extended barrel
modules that are being constructed in Europe. In an attempt to bring module production back
onto schedule, we plan to air-freight the first two production girders to Argonne at the beginning
of August.

Vi) Module Shipping

Work continued in this period to develop the plan and hardware for shipping
modules to and from MSU and to CERN.

The scheme to ship modules to MSU was finalized and is based on a transporter
that will be designed and built by MSU, alowing them to lift and move modules from the back
of a flatbed truck onto their loading dock and from there into their assembly area. The main
discussion between ANL engineers and the MSU staff has focussed on issues associated with the
stresses in the structural elements. As a result, there have been several changes in the detailed
design of the lifting beam that forms a critical structural element in the transporter and which
must simultaneously allow their use as support beams during road transportation. It is expected
that the transporter will be constructed by late September.

We have continued to hold discussions with the regular Argonne brokerage firm
for overseas shipments (American Overseas Transport) on the best and most cost-effective
approach for the shipment of modules to CERN. We have decided to use this company on a
shipment-by-shipment basis to handle all aspects (packaging, over-ocean shipping, and
transportation to the CERN site), as we neither have the expertise or the resources in-house. We
will host a meeting with all parties concerned later in the year to review the requirements.

(J. Proudfoot)
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b. Calorimeter Instrumentation and Testing

Work continued on the preparation of the Argonne instrumentation area, and the
purchase of supplies and one-time infrastructure items. Also, comparisons of two different
quality control tests were performed.

The instrumentation of a single sub-module in a light-tight box, which was begun
last year, continued. Fibers were prepared and put into profiles at Argonne. Profiles are the
plastic sleeves that serve to both hold the fibers in place, and make a reflector for better light
collection from the tiles. Half the fibers we used were aluminized at Fermilab, and half were
made reflective on one end with white-out. The fibers were routed to 6 phototubes so that each
side of the three calorimeter cells could be read out separately. This module was read out with
signals from a radioactive source that could be positioned in the source tubes by remote control.
Thiswas done initially by Bob Stanek and is written up elsewhere in this report.

Preparation for instrumentation involves ordering quantities of such things as
optical epoxy, specia cable ties in large quantities, brass rods for fiber support on the modules,
etc. We began ordering infrastructure items such as a PAL video monitor, 220 power converters,
and power supplies for the polishing machine that cuts and polishes the fibers inside the girder.
The ordering of infrastructure items is going slowly because, in many cases, the exact
specifications are not available from CERN or other institutions. Also, in many cases the
specifications are metric or involve European suppliers, and ANL and MSU are working together
to find US suppliers of equivaent items.

The light tight tent to be used for the QC measurements was finished. We have
not yet tried to mount it in the instrumentation room for several reasons. There are no lights in
the room because the electricians are not available. The plan for mounting has changed since we
changed the instrumentation plan from moving modules by trolley or fork lift to moving them by
crane through a hole in the roof of the room.

There is ongoing work at Argonne to prepare the readout of the test electronics
drawers, which will be used for QC during production. This involves R. Stanek and two
students, and is written up in a separate section of this report.

(D. Underwood)

C. Test Beam Program

A June/duly testbeam run was started with the main intention of verifying that the
pre-production on-board digitizers are of sufficiently good design to go into production. The
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barrel Module O was instaled in H8 after having repairs made to severa tile/fiber couplings.
Latest Version 3-in-1 cards were installed, as well as several latest generation Hamamatsu R5800
PMTs. Unfortunately, at the start of the run, the digitizers were not available, and the backup
FERMI readout was used.

Another goal of this testbeam run was to understand the performance of the
calorimeter at low energies - ~5Gev/c and above. Since the beamline was designed for hundreds
of GeV, the uncertainty in the low energy can be 20%. Along with CERN beamline physicists,
HEP staff helped design and implement a beamline spectrometer which used beam MWPCs and
anew trim magnet with a well-known JB -dl . A successful test of the spectrometer was made

in June, measuring the momentum of 10 GeV electrons to ~1% of the nominal momentum. This
technique will be used in July for 5 GeV beam.

HEP staff took an active part in the analysis of the June/July 1998 data. Until
recently, analysis activity concerned the detail mapping of the performance of the modules. We
have now moved towards investigating the performance using ATLAS requirements. One such
requirement is the limited number of samples to be used to reconstruct both charge and time. In
order to get a baseline for the new digitizers, a study of the time resolution expected using the
FERMI system was done. In Figure 3 we see that we can expect time reconstruction of ~1.5
nsec using a very simple agorithm with the time samples and the LeCroy TDC for
normalization.

d. Extended Barrel QC Program

For QC of the production modules in 366, a **'Cs source will initially be used to
verify uniform coupling for al tiles and fibers. This procedure was followed in 1997 with
Extended Barrel Module 0. The same source drive will be used. However the new HV
electronics and the current integrator ADC requires the use of CAN bus protocol, while the 3-in-
1 cards used a VME-based control system. A decision to use a PC-based acquisition system
rather than VME resulted in cost savings as well as compatibility with collaboratorsin Spain.

To overcome the VME link with the 3-in-1 system, a CAN bus 3-in-1 controller
was designed, built and tested by HEP staff. This controller is based on a philosophy of a
general-purpose design, with HEP staff writing the 3-in-1 specific firmware for the Phillips
80C592 microcontroller, and the implementation of 3-in-1 specific timing and output signalsin
an Altera 10K FPLD. Four of these devices were tested and three were sent to Barcelona,
Clermont-Ferrand and M SU.

An attempt will be made to phase out the **'Cs source and implement a blue LED
to illuminate the fibers. If an LED source can be used for the quality control of the module
production instead of a radioactive source, it will simplify safety procedures both at Argonne and
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at the university where many undergraduates are doing instrumentation work in the laboratory.
HEP staff is designing an LED assembly to be fitted to the source scanner, replacing the
radioactive source but maintaining al the original functionality.

The optical test module was finally instrumented with spare scintillator and fibers
from Lisbon. In order to verify the validity of using an LED rather than a source, studies were
made on this test module comparing data from an LED scan and a **'Cs source scan. An
undergraduate student at Argonne, S. Zeltich, with some assistance from a student and technician
from MSU, performed these measurements. In actuality, the fiber coupling to the tiles was
purposely made badly in many spotsin order to test the limits of the LED scheme. In Fig. 4, we
see the results of the comparison between the LED and the Csdata. We can expect that the LED
will reflect the individual tile/fiber response to ~11% of that predicted by unfolding the response
from the Cs data. This seems quite adequate for QC at the level of 10%. Further tests will be
performed on the real ATLAS modules before we at Argonne switch to using the LED
exclusively.

(R. Stanek)
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Figure3. Reconstructed times using an agorithm employing three (3) samples for pion
showers. (@) Reconstructed time vs. TDC. The two bands correspond to high and low gain
channels having different timing. (b) The reconstructed time resolution in nsec. The
reconstructed resolution is ~1.5 nsec. (¢) and (d) Same as for a) and b), but for a preliminary
version of the digitizers. It was discovered that the TDC did not correctly operate in the digitizer
mode.
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Figure4.

Fitted Peak parameters versus LED Peak for the optical module. Theliney = x is

superimposed. The bottom figure shows the correlation between the methods is 11%.

1.C4 MINOS Detector Development

During the first half of 1999, the Argonne MINOS group devoted a substantial
effort to meet its responsibility for the development of procedures for the production of extruded
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scintillator strips, most of the assembly machines, quality control equipment and procedures
which will be used at the scintillator module assembly facilities. ANL set up its prototype
factory for planned use in July of 1999, in order to both make scintillator modules for the 4-plane
prototype, and to benchmark module production requirements and schedules. Important
operational experience was obtained on a number of devices which were developed at ANL: the
semi-automatic fiber gluer for placing the WLS fibers into the grooves of each 4 cm scintillator
strip, the fly cutter to make very flat surfaces on the fiber optical connections to ensure high light
transmission, and the module mapper which was used to move a radioactive source at varying
positions above a module and measure its response.

A major part of the effort consisted in identifying and documenting the specific
module parameters relevant for a module factory. Because there are 2 different plane orientations
and 8 modules per plane there could be 16 different types of modules. Thanks to rotational
symmetries there are only six different types of modules and each plane only has 4 different
types. This makes the construction and the mounting much easier. Each plane will contain 2
short 45-degree modules, 2 long 45-degree modules, 2 perpendicular modules and 2 bypass
modules. The 45-degree modules are the same for both plane orientations. The bypass and the
perpendicular modules have a handedness that depends on the orientation of the modules in the
plane. Therefore there are 2 types of each of these.

Position Type Plane Positions of Modules Position  Type

X A 1y
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These planes are laid out as if the observer is looking down on the modules
mounted on the steel standing at what will become the bottom of the plane when it is hung on the
supports. Inthisview Plane X is av-oriented plane and Plane Y is a u-oriented plane. With the
different fiber manifolds drawn, one can see the different symmetries that reduce the number of
different module types from 16 to 6. Each of the different types of modules have been given a
letter name. The short 45 is type A, the long 45 is type B. A plane with the v orientation will
have 2 perpendicular modules of type C and two bypass modules of type D. The u orientation
will have two perpendicular modules of type E and two bypass modules of type F. The lengths
of every module strip in every module type was included, and the lengths of the fibers specified
as part of the module production process. A large number of further conventions were
developed, such as strip numbering, fiber positioning, etc. With feedback from a variety of
sources, these were documented and incorporated into the tracking and quality control processes.
In addition, a system of mounting “H-clips’ was developed, and a system of fiducial marks for
surveying was incorporated into the production process.

(M.C. Goodman)

I.C.5. Electronics Support Group

CDF: We continued with our work in the development of front-end electronics
for the Shower Max Detector of the CDF Upgrade at Fermilab. For this project, we have
overall responsibility for the electronics engineering of the system. The major responsibility in
this project involves the coordination of the design engineering and system integration for the
entire system. This includes the development of a custom integrated circuit for the front-end
electronics, al of the front-end boards and crates, and the read-out board that interfaces to the
upper levels of the data acquisition system. This development is a collaborative effort between
Argonne and Fermilab.

Besides oversight, we are directly responsible for the specification and testing of
the custom integrated circuit for the front-end electronics, called the SMQIE. Last year, we
completed the testing on the final prototype chip, and gave the approval for the production of
~20,000 chips. The packaged parts are expected in July.

Argonneis also responsible for the design, testing, and production of the daughter
boards that contain the SMQIES, called SQUIDs. Each SQUID contains two SMQIEs, and also
other support circuitry for calibration. Two prototypes were designed previoudly, for testing
earlier prototype chips. The design of a new board was recently completed, which will contain
two packaged SMQIE chips. The board will be tested in July when the packaged parts arrive.

Another project that Argonne has direct design responsibility for is the design and
production of a VME-based readout board, called the SMXR. This is a sophisticated data
processor. It receives digitized data in floating-point form from the front end electronics at the
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rate of 300 Mbytes/Sec, adds together up to four words as sampled in time to reconstruct long
signals from the detector spread out in time, and also forms trigger bits from the reconstructed
signal. The datais stored in a buffer pending read-out by the data acquisition system. The first
prototype was developed in the early part of 1998, and the design of a second prototype was
recently completed. After aperiod of testing, we plan to begin production in the fall.

Work isin progress to put together a small system test at Fermilab. This testing
will be the final shakedown of the prototype electronics before production. Much of this effort
requires the generation of software, which is being written by Argonne physicists. Argonne is
taking the lead role in defining and executing the qualification testing of the prototypes as a
prerequisite before production.

ATLAS. We have mgor responsibilitiesin the development of electronics for the
Level 2 Trigger of the ATLAS Detector at CERN. Working with colleagues from Michigan
State University, we are responsible for the development of two parts of this system: the Level 2
Trigger Supervisor, and the Region of Interest (ROI) Builder.

The ROI Builder is the interface between the first level trigger and the second
level trigger. When an event occurs in the detector, signas are sent from the front-end
electronics to the Level 1 Trigger. The Level 1 Trigger collects event fragments from all over
the detector, and stores them in a buffer. The Level 1 Trigger boards then send lists of
addresses to the ROI Builder, identifying where the event data from the “Region of Interest,”
can befound. The ROI Builder collects the addresses for the event, and “builds’ the event. It
then sends the result to the Trigger Supervisor for distribution to Level 2 processors. The board
is highly complex, using fast, high-density Field programmable Gate Arrays (FPGAS) to
implement the functionality.

The first ROI Builder prototype was built in the fall of 1998. The board was
tested at Argonne, and achieved good performance. We then built several boards to form a
small system. The boards were tested at Argonne using a small computer farm that we had built
previously. A large part of the testing involved writing software to control and read out the
system, written by a physicist in our group. In the spring, after the successful completion of
testing at Argonne, the system was sent to Saclay. It was merged with their system to create a
larger network. Tests are presently underway. By the summer, the system will move to CERN
for further testing. It is anticipated that the result of this phase of development will lead to a
full specification of the architecture of the Level 2 Trigger System, including the Supervisor and
the ROI Builder. We expect that ANL and MSU will have joint responsibility in building these
pieces of hardware for the final system.

MINQOS: In this last period, we continued our involvement with MINOS, the
Neutrino Oscillation Experiment at Fermilab and the Soudan mine. Our group has Level 3
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Management responsibility for the front-end electronics of the experiment, as well as
responsibility for alarge portion of the front-end design.

At the end of 1998, the collaboration was considering a choice between two types
of photodetectors for the experiment: Hamamatsu 16 channel multi-anode phototubes (PMTSs),
or Hybrid Photodiodes (HPDs). The outcome of this decision would greatly affect the design of
the electronics, since the gain of HPDs is ~1000 times less than PMTs, and the HPDs would
need a custom integrated circuit in order to read it out whereas PMTs would not. In the spring
of 1999, after much debate, the collaboration decided to use PMTs. Following this decision, we
began planning the electronics.

Our proposal for the electronics is based on building discrete amplifiers in hybrid
form. Every channel would have alow-cost ADC, and also circuitry for measuring radioactive
sources. We created a conceptual design, and compiled cost and schedule plans. Working with
colleagues at Fermilab, we built a prototype channel and made measurements. We presented
the results at the collaboration meeting in June. We are now planning for adesign review in the
fall of 1999. A high priority in this project is meeting an aggressive schedule for building a
small system by the spring of 2000, with production planned for the fall of 2000.

ZEUS. The ZEUS experiment at DESY is planning to replace the tracking
detector in the forward region during the shut down in 2000. The new detector will use straw
tubes, rather than the older-style wire chamber technology. The detector produces a pulse in
response to a charged particle passing through the detector. The electronics must sense the
pulse, and send a digital signal to the “back end” electronicsin response, where a timestamp for
the signal isrecorded. Thisis then used to reconstruct the trgjectory of the particle through the
tracking detector.

In the fall of 1998, we investigated a custom integrated circuit developed at
PENN, called the ASDBLR. The chip was designed for use with the tracking detector in the
ATLAS experiment, and performs the front end analog signal processing. In February, we built
a prototype board based around this chip, and delivered it to DESY for tests with the prototype
detector in a test beam. The tests were very successful, and both the chips and the test board
worked well. However, during this time, problems with procuring the ASDBLR emerged. The
foundry planned to discontinue the fabrication process, and the resulting increase in cost to
convert to the new fabrication process became prohibitive. It was decided to investigate other
possibilities. PENN has developed another custom integrated circuit for use on the tracking
chamber of the CDF experiment, called the ASDQ. We are now in the process of obtaining
sample chips, and will investigate using them on the ZEUS straw tube detector.

(G. Drake)
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. THEORETICAL PHYSICSPROGRAM
[.A. THEORY

M.A.1 Single-Top-Squark Production Via R-Parity-Violating Super symmetric
Couplingsin Hadron Collisions

Edmond L. Berger, Brian Harris, and Zack Sullivan developed a new method to
search for a top squark, the supersymmetric partner of the top quark, and to probe R-parity-
violation in supersymmetric extensions of the Standard Model. In Argonne report ANL-HEP-
PR-99-05, published in Physical Review Letters 83, 4472-4475 (1999), they examine the s
channel production of a single top squark through an R-parity violating mechanism. Their focus
is on the relatively light top squark t, and its subsequent R-parity-conserving decays. The R-
parity violation penalty is paid only once, in the initial production, and is offset by the greater
phase space relative to pair production.

In supersymmetric extensions of the standard model, particles may be assigned a new
quantum number called R-parity (R,). The particles of the standard model are R, even, and their
corresponding superpartners are R, odd. The bounds on possible Ry-violating couplings are
relatively restrictive for the first two generations of quarks and leptons, but much less so for
states of the third generation. If R, is conserved, as is often assumed, superpartners must be
produced in pairs, each of which decays to a final state that includes at least one stable lightest
supersymmetric particle (LSP). The production rates for pairs of strongly interacting
supersymmetric particles, the squarks and gluinos, benefit from the large color couplings of these
superpartners to the incident light quarks and gluons in hadronic scattering subprocesses.
However, in many models, the squarks and gluinos are relatively heavy, and therefore their pair
production incurs a large phase space suppression.

Single-top-squark production via qq' — E probes R-parity-violating extensions of
the minimal supersymmetric standard model through the R-parity-violating coupling strengths
ﬂ,;'”. Beginning with the superpotential for R-parity-violating couplings, Berger, Harris, and
Sullivan write the partonic cross section for the process qq’ — E and compare with that for pair
production. Then discussing observability, they focus on one clean R,-conserving decay, t, —
by, with 7/ — 1"+ v + »7. Here, 1isan electron or muon, and the 7, and y; are the
chargino and lowest-mass neutralino states of the minimal supersymmetric standard model
(MSSM). For top-squark masses in the range of 180-325 GeV, they simulate both the signal and

standard model background processes. Shown in Figure 1 is an example of the signal and
background. For this case, m; =242 GeV and 4" =0.03.
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Figurel. The reconstructed-mass M distribution for single-top-squark production (S) and

backgrounds (B) at the Tevatron (\/5 = 2 TeV) for a top-squark mass m; = 242 GeV. The
coupling A" = 0.03 produces the minimum signal for a 50 significance at this mass.

Figure 2 shows the reach in A" for 180 < m; < 325 GeV. With an integrated

luminosity of 2fb™ at JS =2 Tev, discovery at the level of 5o is possible provided that A" >
0.02-0.05. Otherwise, a 95% confidence level exclusion can be set for A" > 0.01-0.03. By
contrast, conventional searches for top squarks via their pair production are limited to masses
below 175 GeV. For the lower integrated luminosity and energy of the existing Run | data,
valuesof A" >0.03-0.2 can be excluded at the 95% confidence level if m; =180-285 GeV.

Berger, Harris, and Sullivan conclude that, as long as the R,-conserving decay t,
— by, — 1v »; isalowed, it should be possible to discover the top squark or to reduce the
lower limit on A" by two orders of magnitude at Run Il of the Fermilab Tevatron, for 180 < m;
< 325 GeV and Aj > 0.02-0.05. Existing data from Run | of the Tevatron should allow a

reduction of the limit on A" by an order of magnitude. With such areduction, one can establish
that R,-violating decay is unlikely and rule out most of the possible influence of the top squark
on single-top-quark production and decay.
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Figure2.  Lower limits on discovery (S/+/B= 5), evidence (S/+/B= 3), and 95%
confidence-level exclusion (S/vB = 1.96) for A" versus top-squark mass in Run | of the
Tevatron (v/S = 1.8 TeV, 110pb™), and in Run Il (/S =2 TeV, 2fb™Y).

More research has been done, and alonger paper isin preparation.

(E. L. Berger)

[1.A.2 Resummation of Large Correctionsto Heavy-Quarkonium Decays

G. Bodwin and Y.-Q. Chen (ITP, Beijing) have completed a new calculation of
the ratio of heavy-quarkonium decay ratesR = I" (7. — light hadrons)/ T" (17 — yy). At leading
order in the heavy-quark-antiquark velocity v, this ratio is independent of the nonperturbative
heavy-quarkonium matrix elements. Hence, as was shown in a previous paper by Bodwin and
Chen [Phys. Rev. D60, 054008 (1999)], its perturbation series contains no renormalon
ambiguities. Such renormalon ambiguities would be associated with factorial growth of the
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terms in the series. In spite of absence of renormalons, the one-loop correction to the ratio R is
large (= 14.5a 4 ), and the result is very sensitive to the choice of the renormalization scae.
Bodwin and Chen noticed that most of the large one-loop correction is proportional to fo. That
is, it comes from vacuum-polarization corrections to the final-state gluon lines in the process 77
— light hadrons. This suggests that the large one-loop correction can be brought under control
by resuming the vacuum-polarization corrections to all orders.

Bodwin and Chen carried out such a resummation, making use of the method of
“naive non-Abelianization” to identify a well-defined, gauge-invariant vacuum-polarization
contribution. In this method, one computes the quark-loop contributions to the vacuum
polarization, which are well defined, and then replaces S, the quarks with the full QCD p, to
obtain the effects of gluons. Bodwin and Chen aso worked out the resummation for the case of
the background-field-gauge vacuum polarization and obtained similar numerical results.

The resumed result depends on the choice of renormalization scale only at the
two-loop level, and, so, it is much less sensitive to that choice than is the one-loop result.
Therefore, the resummation procedure allows one to make a meaningful comparison between
theory and experiment. The agreement is good. In contrast, the result that one obtains by setting
the renormalization scale according to the Brodsky-Lepage-Mackenzie (BLM) method
overshoots experiment by afactor of five.

The perturbation series that is summed in this method is convergent.
Nevertheless, a novel ambiguity arises in the perturbation expression. The answer depends on
whether one carries out the final-state phase-space integration first or sums the perturbation
seriesfirst. Thisambiguity can be traced to the regions of the phase-space integration in which a
gluon has small virtuality g°. In those regions, one does not expect the perturbation series to be
reliable. However, Bodwin and Chen have shown that, at any finite order in perturbation theory,
one can deform the contour of integration in the complex g plane so that it lies outside of the
dangerous region of small g°. Therefore, the integrated perturbation expression, in contrast with
the differential expression, is reliable in any arbitrarily large, but finite, order in perturbation
theory. The conclusion is that the correct procedure is to carry out the phase-space integration
first and then sum the perturbation series.

A paper describing thiswork isin preparation.

(G. T. Bodwin)
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[1LA.3 NLO QCD Predictionsfor SUSY Particle, Jet, and Lepton Pair Production

The discovery or excluson of supersymmetric (SUSY) particles at hadron
colliders depends strongly on solid theoretical cross section predictions in next-to-leading order
(NLO) of quantum chromodynamics (QCD). Two caculations of NLO SUSY-QCD cross
sections have recently been compl eted.

The associated production of a chargino/neutralino and a gluino has a potentially
large cross section due to the presence of a strong interaction vertex and a potentially light
chargino/neutralino and/or gluino. The experimental signature of leptons, jets, and missing
energy should be well accessible.

The second channel for which the calculation of the NLO SUSY-QCD cross
section was recently completed involves the pair production of charginos/neutralinos and
deptons. It contains two potentially light SUSY particles and in addition has the so-called gold-
plated trilepton signature, which should clearly signal the presence of physics beyond the
Standard Mode!.

Furthermore, the status of NLO calculations for hadroproduction of SUSY
particles has been reviewed.

Seizing the opportunity of both authors being at the same ingtitution, two NLO
QCD programs for jet photoproduction were compared in detail. Very good agreement was
found, thus strengthening the basis for comparisons between the theoretical predictions and
experimental data.

Like prompt photon production, low-mass lepton pair production in hadron
collisions at large transverse momentum can serve to extract the gluon densities in the proton. It
has the additional advantage of having no fragmentation contributions and no necessity to isolate
the photon. Building on previous work, predictions for a wide variety of possible gluon densities
were calculated with the result that fixed target experiments at Fermilab should have good
sensitivity to the gluon structure.

(M. Klasen)
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1.A.4 Computational Physics

With the commissioning of RHIC due very soon, our efforts have been
concentrated on projects aimed at understanding what QCD predicts for hadronic/nuclear matter
at high temperatures and/or baryon number densities, because such an environment is expected
to be produced in relativistic heavy ion collisions. In particular, one might hope to see
transitions to new states of matter, such as the quark-gluon plasma or one with diquark
condensates. For these studies, we are performing simulations in lattice QCD and model field
theories.

For hadronic matter at non-zero baryon number density (chemica potential), the
fermion determinant of QCD becomes complex and current ssmulation methods fail. Thus, we
have turned to the study of simpler field theories having some of the properties of QCD, which
we can simulate with non-zero fermion number density. In particular, we are performing
simulations of a 2-colour version of QCD in order to study the formation of diquark condensates
in a confining theory. Such condensates have been suggested for QCD at finite quark number
density, where they would spontaneously break colour symmetry leading to “colour
superconductivity”. Our preliminary simulations of this 2-colour theory show evidence for
diquark condensates (Figure 1). We are performing further simulations to map the phase
diagram for this theory and to study its phase transitions. In addition, we will measure its
spectrum of goldstone bosons, which serve to classify the various phases.

At zero baryon number density, we have been performing simulations of lattice
QCD to better understand the finite temperature (chiral) transition from hadronic matter to a
quark-gluon plasma. For these simulations we have used a new lattice action for QCD, which
includes an irrelevant chiral 4-fermion interaction. This alows us to simulate with zero mass
quarks, where this transition becomes a second order phase transition and, in particular, to
measure the critical indices at this transition, which allow one to construct the equation of state
of hadronic matter near this transition. These simulations are nearing completion and should
allow us to determine the universality class of this transition.

Finally, we have been testing a new scheme for lattice quarks -- domain-wall
fermions -- that have better chiral properties than standard schemes. In particular, we have been
testing how well they approximate the Atiyah-Singer index theorem in the dilute instanton gas,
which is high temperature lattice QCD. Related to this, we are checking that the high
temperature scalar and pseudoscalar meson excitations have the expected contributions from the
zero-modes of the Dirac operator associated with instantons. In particular, we see that these
modes alone give rise to the disconnected parts of these propagators, which distinguish flavour
singlet mesons from flavour non-singlet mesons. We are now moving to lower temperatures,
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where the situation is far less clear and near-zero modes probably start to play a more important
role.
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Figurel. Diquark condensate as a function of chemical potential « for quark number.

Our simulations have been performed on supercomputers at NERSC and
divisional PCs and workstations.

(D. K. Sinclair)



[1.A5 Phase-Space Quantization of Field Theory

In prior joint work [J. Phys. A32, 771 (1999)], T. Curtright (U. Miami) and
C. Zachos have introduced a third, logically independent and complete, formulation of (scalar)
quantum field theory, beyond the conventional canonical or path integral quantizations. It is
based on quantization in infinite-dimensional field phase-space, which relies on Wigner
functions. Wigner’'s phase-space distribution functions constitute a specia representation of the
density matrix. The crucial element of this formulation is the interaction picture underlain by the
remarkably simple time evolution of the Simple Harmonic Oscillator (rigid classical rotation in
phase-space for all guantum configurations, not merely coherent states). See Figure 1.
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Figure 1. Time evolution of arbitrary quantum oscillator configurations.

Quantum fields propagate freely by sitting on an infinity of such uniformly
rotating “turntables’ and evolve according to merely the interaction part of the hamiltonian in
field phase-space.



In pursuit of thislonger program, Curtright and Zachos further elucidate how the
field dynamics is specified through the evolution of c-number distributions in field phase-space
(ANL-HEP-CP-99-06, hep-th/9903254). They moreover utilize canonical transformations to
formulate gauge invariance in quantum phase-space, thus deriving the corresponding gauge-
invariant Wigner functions from first principles. Finally, they provide a limited discussion of

constraints in phase-space, encoded in Dirac brackets.
(C. Zachos)
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1. ACCELERATOR RESEARCH AND DEVELOPMENT
[1.A. ARGONNE WAKEFIELD ACCELERATOR PROGRAM
.A.1 Facility Status/Upgrade Plans

Work continued on finalizing the design of the new high current photocathode
gun. The 1-1/2 cell L-band photocathode RF gun will produce 10 - 100 nC beam with 2-5 ps
rms pulse length and normalized emittance less than 100 mm mrad. The final gun design and
numerical simulations of the beam dynamics have been completed.

In order to generate high charge and short bunch lengths from a photocathode RF
gun, the electric field on the cathode surface has to be very intense. In this way the electrons
leaving the cathode surface are quickly accelerated to relativistic velocities, minimizing the
bunch lengthening and the emittance growth that the space charge forces produce. Thereis aso
bunch lengthening and transverse emittance growth at the exit iris of the gun cavity due to the
defocusing forces of the RF fields. Thus, this effect also calls for high accelerating gradient and
high beam energy at the exit of the gun. It is therefore desirable to have a multicell gun with
high accelerating gradient. Practical considerations (mainly a finite amount of RF power) limit
the design to 1-1/2 cells. The choice for our new gun design is a Brookhaven type 1- 1/2 cell
cavity scaled up to L band operation. This gun will be followed by one of the present linac
tanks that exist at the AWA facility.

A detailed numerical study of this gun was performed with the computer codes
SUPERFISH and PARMELA. Table 1 summarizes the parameters used in the simulations.
These extensive numerical simulations showed a strong dependence of bunch length and
emittance with respect to the accelerating gradient in the gun cavity. Based on these studies, it
was decided that an accelerating gradient of 80 MV/m on the cathode surface was a good
operating point. Thisrequires 10 MW of RF power to be coupled into the gun cavity, which still
leaves enough power to run one of the linac tanks. This accelerating gradient yields good values
of emittance and bunch length, while still not high enough to make the RF conditioning of the
gun a chalenging task. (In fact, we recently conditioned the SRRC gun, a duplicate of the
present AWA gun up to agradient of 125 MV/m.)
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TABLE 1

The new photoinjector gun design parameters as calculated using SUPERFI SH.

Inner Radius of the Cell, b (cm) 9.03
Radius of theiris, a(cm) 2.75
Width of theiris, d (cm) 15
Aperture of the exit (cm) 2.5
Operating frequency (GHz) 1.3
Initial beam radius (cm) 1
Quality factor, Q 26008
Shunt impedance (MW/m) 36.47
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Figurel. Engineering design drawing of the new 1-1/2 cell AWA high current

photoinjector.
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Figure 1 shows a drawing of the complete photoinjector assembly. Two solenoids
are exactly next to each other, with the photocathode plane as their plane of symmetry. This
maximizes the space available for the RF power coupler over the full cell of the gun. The tuning
plunger in the full cell is located diametrically opposite to the RF coupler, both being at the
equator line of the full cell. An RF pickup probe is located half way along the circumference of
the full cell between the RF coupler and the tuning plunger. The half cell has both the tuning
plunger and the RF pickup probe on the back plate of the cell. This breaks the symmetry of the
half cell, but it is acceptable in our L-band size cavity. The perturbation of the field lines over
the relatively small size cathode area is negligible. The tuning plungers and RF pickup probes
will allow us to verify and, if necessary, to adjust the parameters of the two cells, in order to
achieve the right resonance frequency for the pi mode and field balance in the cavity. The
cooling channels are drilled along the cylindrical wall of the gun, and also run over part of the
back and front plates of the cavity.

The electron beam produced by this gun is expected to excite wakefields in
plasmas with accelerating gradients in excess of 1 GeV/m with a plasma density of
~10M14/cm™3.  In dielectric loaded structures, this beam will aso make a significant
improvement over present attainable gradients. One can use this beam to directly demonstrate
collinear wakefield acceleration gradients in excess of 50 MV/m corresponding to 200 MW of
RF power generated in 30 GHz dielectric structures.

[1.A.2 Experimental Program
a. 11.4 GHz Structure

Work continued on the travelling wave dielectric structure prototype, which we
plan to test at SLAC/NLCTA using an X-band klystron rf source. One major challenge in
constructing a dielectric loaded travelling wave accelerator powered by an externa rf power
source is the difficulty in achieving efficient coupling. We have achieved high efficiency
broadband coupling by using a combination of a tapered dielectric section and a carefully
adjusted coupling slot. We are currently constructing an 11.4 GHz accelerator structure loaded
with a permittivity=20 dielectric. Bench testing has demonstrated a coupling efficiency in
excess of 95% with bandwidth of 600 MHz. Choice of the dielectric is a MgCaTi compound
that has dielectric constant of 20, and is readily obtained from commercia vendors. The group
velocity for the NLC design isin the 0.03 ¢ - 0.05c range. The RF coupling scheme used hereis
similar to the side coupled method used for conventional disk-washer RF cavities. Basically
speaking, one would like to obtain maximum RF transmission through the two coupling slots. In
order to achieve high efficiency coupling, the dielectric tube near the coupling slots is tapered.
The tapered angle was chosen to be 80 for initial convenience. This tapered section serves as a

broad band quarter wave transformer for impedance matching. No other angles were tested, but
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it is not expected that the taper angle is critical. A 25 cm long prototype structure was
constructed.

We plan to continue engineering studies of this accelerating structure with
improved RF coupling and mechanical fixture to allow operation in vacuum, eventually leading
to a high power test at SLAC of a demonstration accelerator section to resolve practical issues
such as breakdown voltage, therma heating, etc. With 100 MW power, we can test this
structure at a60 MV/m gradient.

b. Multimode Structure Wakefields

We continued our studies of wakefield excitation and propagation in dielectric
structures, particularly concentrating on the case of multiple drive beam excitation in multimode
structures. Contrary to recent claims in the literature we have shown that for a collinear
multimode structure the amplitude of the wakefield generated by a bunch train is less than or
equal to the wakefield generated by a single bunch of the same total charge. Furthermore, the
transformer ratio, R, was shown to be always less than 2, even in the multiple drive beam case.
An experiment to measure wakes in a multimode structure at AWA was performed and the
results agreed well with our calculations.

A multiple beam, multimode dielectric wakefield accelerator structure was
constructed. The structure is a cylindrical dielectric waveguide (permittivity = 38.1) with an
inner radius 0.5 cm, outer radius 1.44 cm and 60 cm in length. The AWA can transport a 10 nC
beam through a 60 cm long tube with a 1 cm diameter hole. For the multiple beam experiment
at AWA, the acceleration wavelength is designed to be 23.05 cm since the rf wavelength is
23.05 cm a 1.3 GHz. Successive drive bunches can then be located one fundamental
wavelength apart in the device.
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Figure 2. Comparison of the predicted (dashed line) and actual (solid line) energy spectrum
for the 4 decelerated bunches in the pulse train after passing through the multimode tube. No
anomalous transformer ratio enhancement is observed.

Figure 2 shows the calculated and measured spectra for a bunch train of four
pulses in the multimode structure. The experimental results are in good agreement with the
analytic results: no deviation from conventional linear wakefield theory is observed. This type
of wakefield device may still have some utility however. The relatively short rf pulse generated
may reduce breakdown and permit higher accel erating gradients to be generated.

C. Slab Symmetric Laser Driven Accelerators

Advances in the technology of lasers have led to increased interest in their
potential applications for accelerating particles. We have proposed a class of resonant dielectric
loaded planar structures capable of producing GeV/m accelerating gradients that are driven by
laser radiation much as a conventional rf cavity is driven by microwave power from a klystron.
The basic idea is the use of a dielectric microstructure, analogous to a Fabry-Perot resonator,
consisting of a two parallel dielectric planes separated by a vacuum gap and with a partially
transmissive coating on the exterior Some parameters of the structure are assumed to vary
periodicaly in the beam direction at the wavelength of the illuminating laser. A standing wave
with an appropriate phase velocity forward component is induced in this periodic structure by
the laser pulse, which in turn accelerates the beam. The laser pulse is swept along the surface of
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the structure such that the cavity is filled only in the neighborhood of the beam. The relatively
low Q of these devices (100-1000) and correspondingly short fill times (~0.5 ps) alows
gradients of 1 GeV/m to be obtained before breakdown becomes problematic. The beam aspect
ratio is highly asymmetric; the ribbon beam-planar structure configuration is advantageous in
that dipole deflecting modes are suppressed, analogous to the vanishing of the transverse
deflection for TMOn modes in conventional structures.

Considerable progress has been made in the understanding of slab structure
design. We have investigated the use of finite thickness conductive cladding on the structure,
with a single coupling slot per period. With this geometry good coupling of laser energy to the
accelerating fields can be obtained, while a the same time reducing the surface
field/accelerating field ratio significantly over our previous results. The shape of the coupling
dlot is also seen to be important, in that the introduction of a taper at the slot opening provides
improved coupling over the case of arectangular slot profile.

We analyzed a structure with dielectric thickness (b-a) equal to the vacuum gap (a
=1.6 mm), period of 10.6 mm (corresponding to a common CO 2 laser line). The conductive
cladding thickness in the simulation is 0.3 mm. The laser coupling and field strengths in the
structure were studied as a function of the shape of the coupling slot. While not exhaustive, our
calculations indicate a promising approach to the problem of coupling optimization.

Using atapered 2 mm slot was found to yield a relatively small surface field/gap
field ratio (1.56/1.23), while the gap field strength is also a maximum for al similar device
geometries.

Resonant planar structures showing good coupling of laser radiation to the desired
accelerating mode have been demonstrated numerically, with reasonable surface field/vacuum
field strengths and quality factors commensurate with the requirements of a practical
accelerator. These properties imply that the structure is a good candidate for further
development as an accelerator, as it can be coupled well (it can be fully impedance matched
upon filling, just as a standing wave linac cavity). This development will probably proceed at
10.6 micron design wavelength. The choice of this wavelength is based both on availability
(e.g. a the UCLA Neptune laboratory), and on mitigation of the experimental challenges one
faces on moving orders of magnitude down in accelerator wavelength.

(P.V. Schoessow)
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[1.B. MUON COLLIDER R&D
.B.1 Lithium Lens Design

The muon collider operation will depend on the emittance that can be generated
by the fina cooling element, generaly assumed to be a Lithium Lens. This beam emittance
generated by the lens is inversely proportional to the current density in the lens, thus this
component must be operated near it’s mechanical limits. In an effort to study the mechanical
behavior of the lens and its limits, Ahmed Hassanein of ET has written a code which models the
response of the liquid Lithium and its containment vessel using assumed power supply
parameters, an equation of state for Lithium from 0 to 1200° C, the penetration of the current into
the Lithium and the parameters of the almost cooled muon beam. This was done the HEIGHTS
package, which incorporates a self consistent finite element anaysis, along with thermal and
electromagnetic algorithms. The resistivity of the Lithium is shown in Figure 1, where the
operational range is from the melting point, about 180° C, up to about 800° C.

One conclusion of this analysis is that the electrical pulse does not produce a
shock, in the norma meaning of the word, since the maximum radia velocity of the 1 cm
diameter tube is only 2 m/s. Nevertheless, the beam heating pulse, which momentarily (ns

timescales) heats the inner 1 mm of this tube about 500° C, does produce a shock, but one which
damps quickly as the energy is distributed through the Lithium.
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Figurel. Theresistivity of Liquid Lithium at high temperatures.
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V. DIVISIONAL COMPUTING ACTIVITIES
IV.A. GRAND CHALLENGE APPLICATIONS
IV.A.1 Data Accessfor High Energy and Nuclear PhysicsR& D

Two physicists (L. Price and E. May) and a computer scientist (D. Malon) from
DIS division continued to work on the "Grand Challenge Application on HENP Data" project.
This is a DOE/ER MICS, HENP-HEP, HENP-NP supported R&D project to provide develop
tools to alow High Energy and Nuclear Physicists to analyze and manage the massive amounts
of data that will be generated by next generation of experiments. In addition to its direct impact
on the success of High Energy and Nuclear Physics experiments this work will also have impact
on other governmental and commercial enterprises faced with massive amounts of data
Laboratory and University collaborating partners are LBNL, ANL, BNL, FSU, UCLA, U Tenn,,
and Y ale. For the work in the Atlas-US computing we have been joined in part by two additional
physicists (T. LeCompte and R. Wagner).

During thisinterval we worked in the following aress.

We organized and ran one collaboration meeting at ANL. We participated in the
RHIC Mock Data Challenge Il a BNL during Feb-Mar using the GCA/HENP data access and
storage system to store and analyze STAR and Phenix simulation data. This test was very
successful. Guy Pandola (DIS) joined the group to implement the scalability tests that were done
at BNL. Interfacesto the CERN "ROOT" analysis system were implemented.

Considerable effort was made on planning the US-Atlas computing organization.
A pre-proposa (in collaboration with LBNL) was prepared and submitted to the Atlas-US
management to setup and fund an ATLAS-US computing organization. An ANL Assistant
Physicist (Tom LeCompte) has joined the group to work on the Atlas related projects. Severa
visits to CERN were made to give presentations and work with the RD45 and Atlas Database
groups. We designed and implemented an extension to the TileCal Testbeam database for offline
analysis to be use with and after the July 1999 testbeam runs. We participated in the design and
writing of a proposal to DOE for "Next Generation Internet R&D". This work is a natural
follow-on and application of the techniques developed "Grand Challenge Application on HENP
Data' project. This proposal (The Particle Physics Data Grid) was successful and received
funding during FY 1999 with the notion of it being athree year project.

(E. N. May)
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Theory,” Cargese, Italy, May 24 — June 5, 1999.

Correlation Functionsin the AAS/CFT Correspondence
Durham University, England, May 17-24, 1999.

Correlation Functions, Holographic Normal Ordering and Multi-Particle States in
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Edward N. May
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